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Total Number of Marks: 100 
 
All questions should be answered in the Answer Booklet provided. 
Please Note that All Questions are to be answered. 
 






(a) A waste stream of alcohol vapor in air from a process was adsorbed by activated carbon particles 
in a packed bed having a diameter of 5 cm and length of 16 cm containing 85 g of carbon. The 
break through curve obtained from this adsorption is given in Figure. Q1. The break point 
concentration is set at c/c0 = 0.01 
i. Determine the length of unused bed, HUNB.   
(Marks: 6) 
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Figure Q1: Break through concentration curve. c is the concentration of alcohol in the solution for Q.1(a) 
(b) A wet granular material is dried in a 0.2 m2 pan. The material is 25 mm deep in the pan, and the 
sides and bottom can be considered to be insulated. Heat transfer by convection from an air 
stream flowing parallel to the surface at a velocity of 7 m/s. The air is at 65.6 ◦C and has a 
humidity of 0.010 kg H2O/kg dry air. Drying rate for constant period is estimated as 4 kg/h.m2. 
Predict the rate of drying for constant period if air velocity is decreased to 3 m/s.  
(Marks: 7) 
 
(c) A distillation column is separating benzene as LK, toluene  as HK and cumene as HNK. Draw the 
approximate liquid phase composition profiles across the column for each of the three 




(a) Draw the sketch of the diffusion of the solvent through a membrane for reverse osmosis 
process. Derive the equation of solute rejection, R as expressed below for the process, 
i.e., prove that, 
 
 
                                  Aw= Pw / Lm 
  Nw = flux for the solvent diffusion = Aw(∆𝑃 − ∆𝜋) 
              Ns = flux for the solute diffusion = As(C1-C2),  
              Where, C1 and C2 are solute concentration in feed and product, respectively 
              Aw = the solvent permeability constant 
              cw2 = the concentration of solvent in permeate,          kg solvent /m3 
              Ks = distribution coefficient (con. of solute in membrane/con. of solute in solution) 
              Pw = the solvent membrane permeability 
              Ds = diffusivity 
              Lm = membrane thickness 
(Mark 12) 
 
(b) Silicon rubber is to be used as a membrane for heart-lung machine to oxygenate blood. An 
experimental value of the permeability of the membrane at 30οC of oxygen was obtained as    
P’M = 6.5 x 10-7 cm3 O2 (STP).mm/(s. cm2. cm Hg). On one side of the membrane O2 pressure is 
700 mm Hg and an equivalent pressure in the blood film side is 50 mm Hg. The membrane is 
0.165 mm thick. Since the gas film is pure O2, the gas film resistance in zero. Neglect the blood 
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i. Predict the maximum flux of O2 in kgmol/s.m2. Molar flux equation for gas permeation is expressed as 
the equation below: 
 
Where, PM =P’M/22.414,  in (kgmol . m)/(s.m2.atm);  
Given that, [1.0 m3 (STP). m/(s. m2. atm)] = [1.316 x 102 cm3.cm/(s. cm2. cm Hg)] 
Expressions of the symbols are given below: 
NA = Molar Flux of species A 
pA = Partial pressure of A, while subscript 1 for feed stream and 2 for permeate stream in the 
equation 
kc = Mass transfer co-efficient  
PM = Membrane permeability 
L = Membrane thickness 
T = Temperature 
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(a) A batch of 1000 kg of KCl is dissolved in sufficient water to make a saturated solution at 90◦C, 
where the solubility is 35 wt% KCl in water. The solution is cooled to 20◦C, at which the solubility 
is 25.4 wt%. The specific heat of the feed is 0.69 kJ/kg.◦C. The heat of crystallization is 814 kJ/kg. 
Solubility unit defined as (kg KCl/100 kg water). 
i. What is the weight of water required for preparing the feed solution and the yield of KCL 
crystals if no evaporation of water is assumed?                               
(Marks: 10) 
ii. Estimate the heat absorbed or removed for the above process. Comment on your answers. 
(Marks: 8) 





(a) You want to prevent a feed from exposing at higher temperature in an evaporation process. You 
have measured temperature randomly from a triple effect evaporator that you proposed for this 
purpose. You found the following data 90°C, 65°C and 110°C in different effect (these measured 
temperatures are not in order of the effect).  Overall temperature difference for this multiple 
effect is 55°C.  
i. Find the steam temperature  
(Marks 3) 
ii. Sketch your proposed triple effect evaporator with proper labeling of flow directions of 
vapor, steam and feed temperatures used for the case stated above. 
(Marks: 5) 
 
(b) A single-effect evaporator is concentrating a feed of 9550 kg/h of a 15 wt % solution of NaOH in 
water to a product of 45 % solids. The pressure of the saturated steam used is 143kPa (abs) and 
the pressure in the vapor space of the evaporator is 25 kPa (abs). The overall heat-transfer 
coefficient is 1988 W/m2.K.  The heat capacity for superheated steam is 1.88 KJ/kg.K. Calculate 
the followings for feed temperature of 303K. Refer to Appendix for any relevant data. 
i. The steam used 
(Marks 12) 
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I. Properties of saturated steam and water 
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II.  Duhring Diagram for NaOH-water system 
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 APPENDIX 
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APPENDIX 
IV. Prediction of  constant rate drying using heat transfer coefficient, h 
 
h = 0.0204 G0.8  
Air is flowing parallel to drying surface 
T = 45 –150 0C 
G, mass velocity = vρ = 2450 – 29 300 kg/h m2 
Velocity of air, v = 0.61 – 7.6 m/s 
 
h = 1.17 G 0.37  
Air is flowing perpendicular to drying surface 
G, mass velocity = 3900 – 19 500 kg/h m2 
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APPENDIX 
V. Conversion factors 
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